2-1 H and 13 C NMR spectra of compounds 10-22 
1
H and 13 C NMR spectra were recorded on a BRUKER DMX300 spectrometer (at 300 and 75 MHz respectively) or on a BRUKER 400 MHz Advance III HD spectrometer (at 400 and 100 MHz respectively). Spectra were recorded in CDCl 3 or MeOD. Assignments of 1 H and 13 C signals were determined from decoupling experiments, COSY spectra and HSQC spectra. HRMS spectra in the positive ion mode were obtained on a Q-TOF Ultima Global hybrid quadrupole/time-of-flight instrument, equipped with a pneumatically assisted electrospray (Z-spray) ion source and an additional sprayer (Lock Spray) for the reference compound. Optical rotations were measured on a Perkin Elmer 241 polarimeter: concentrations are given in g/100 mL.
General procedure for the synthesis of compounds 4a-d.
To a solution of azido lactone 3 (500 mg, 1 equiv) in dry DCM (10 mL), alkylamine (1.2 equiv) was added at 0 °C; then the reaction mixture was warmed to room temperature and stirred until TLC showed complete conversion. The solvent was evaporated under vacuum reduced pressure. The crude reaction mixture was then chromatographed on silica gel (cyclohexane/ethyl acetate: 3/1) to give the corresponding glucuronamide as a colorless oil.
5-Azido-N-butyl-5-deoxy-1,2-O-isopropylidene-β-L-idofuranuronamide 4a
Yield: 70% (456 mg). R f = 0.33 (cyclohexane/EtOAc: 2/1) C (75 MHz, CDCl 3 ) δ C : 167.5 (C=O), 111.9 (CMe 2 ), 105.3 (C-1), 85.0 (C-2), 84.7 (C-4), 75.6 (C-3), 64.2 (C-5), 39.6 (C-a), 31.3 (C-b), 27.1 (CH 3isop ), 26.3 (CH 3isop ), 20.1 (C-c), 13.8 (C-d General procedure for the synthesis of pipecolamide compounds 6a-d, 9 and 12: Protected azido-lactones 4a-d (1.5 mmol) were treated with TFA/H 2 O (6 mL/4 mL) (V/V) at 0 °C; then the reaction mixture was warmed to room temperature and stirred until TLC showed complete conversion. The reaction mixture was extracted with saturated aqueous NaHCO 3aq solution/ethyl acetate. The combined organic fraction layers were dried over Na 2 SO 4 , filtered and evaporated to afford a crude syrup, which was dissolved in methanol and submitted to H CUBE for hydrogenation until TLC showed complete conversion. The suspension was then concentrated under reduced pressure, and purified by ion-exchange resin to give the corresponding pipecolamide derivative.
H-CUBE Hydrogenation:
The reaction solvent was initially allowed to flow through the CatCart® for 5 min. Hydrogen production (Full H 2 ) was then activated, and the reaction mixture and hydrogen were allowed to flow through cartridge of catalyst (10% Pd/C). The flow rate of the system was initially set to 1 mL/min, the hydrogen pressure to 7 bar, the temperature was 20 °C. After passing through the instrument, the total amount of reaction mixture was collected when the reaction was finished (TLC control), and the catalyst cartridge was washed with the solvent to remove any substrate still adsorbed to the catalyst. The two solutions were combined.
Purification of pipecolamide compounds by cation exchange chromatography:
compounds 6a-d were treated with HCl aq (1M) (10 ml/200 mg of compound) and stirred at room temperature for 10 min, then DOWEX 50X8 (2 g of resin for 200 mg of amine) was added to the suspension and stirred for 10 min. The mixture was filtered and washed with distilled water until pH ~ 7. NH 3 in MeOH 7N was added to the mixture and stirred for 1 hour at room temperature, and then it was filtered, washed with methanol, evaporated and dried to give the pipecolamide. (2R,3R,4R,5S)-N-hexyl-3,4 ,5-trihydroxypiperidine-2-carboxamide 6b
Yield: 78% (312 mg). R f = 0.55 (EtOAc/MeOH: 9/2) Attribution of 1 H NMR was complicated by a conformational rotamer effect. Indeed broad signals were observed at 25°C in CD 3 OD. Processing NMR at higher temperature (50°C) resulted in a simplification of the signal as the equivalent peaks were averaged out. (C-4) , 69.2 (C-5), 58.8 (C-2), 46.9 (C-6), 40.5, 33.1, 30.8, 30.8, 30.7, 30.5, 30.4, 28.0, 23.7 
5-Azido-N-butyl-5-deoxy-3-O-trifluoromethanesulfonyl-1,2-O-isopropylidene-β-L-idofuranuronamide 7 and 5-Azido-N-butyl-3-N-butylamino-3,5-dideoxy-1,2-Oisopropylidene-β-L-talofuranuronamide 8
Triflic anhydride (0.24 mL, 1.46 mmol) was added to a stirred solution of compound 4a (230 mg, 0.73 mmol) and pyridine (0.14 mL, 1.41 mmol) in dichloromethane (10 mL) at -25°C. TLC (cyclohexane/EtOAC: 2/1) after 2 hours indicated complete conversion of starting material into compound 7. The reaction mixture was extracted with HCl aq (1M)/DCM (20 mL/20 mL). The organic layer was dried over Na 2 SO 4 and evaporated. The resulting crude 7 was dissolved in commercial dry acetonitrile (10 mL), the N-butylamine (0.108 mL, 0.87 mmol) and DIPEA (0.178 mL, 1.02 mmol) were added with stirring at 85 °C. After 48 hours, the reaction mixture was purified on silica gel (cyclohexane/EtOAc: 5/1) to afford 8 (148 mg, 55%) as a yellow colorless syrup. 
(2R,3S,4S,5S)-N-butyl-4-butylamino-3,5-dihydroxypiperidine-2-carboxamide 9
Compound 9 was prepared according to the general procedure of synthesis of pipecolamide, using a solution of 8 (125 mg, 0.33 mmol) in TFA/H 2 O (3 mL/2 mL) at 0 °C; then the reaction mixture was warmed to room temperature and stirred for 30 hours to give 9. The crude was dissolved in methanol (5 mL) then the reaction was hydrogenated for 18 hours. The resulting crude was purified by HPLC to afford 9 (47 mg, 48 % over 2 steps) as a colorless syrup. 
5-Amino-N-butyl-5-deoxy-1,2-O-isopropylidene-β-L-iduronamide 10
To a solution of compound 4a (400 mg, 1.27 mmol) was hydrogenated in methanol (10 mL) in the presence of 10% Pd/C catalyst (445 mg) in hydrogen atmosphere. The reaction mixture was stirred for 20 min at room temperature. TLC analysis indicated the presence of a single product and complete consumption of the starting material. The reaction mixture was filtered through Celite, washed by methanol and concentrated. The residue was purified by ion exchange column chromatography to give 10 as colorless syrup (336 mg, yield 92%). The compound 10 (315 mg, 1.09 mmol) and p-TsCl (230 mg, 1.20 mmol) were dissolved in dry DCM (10 mL), pyridine (0.13 mL, 1.31 mmol) was added to the mixture at 40 °C and stirred for 17 hours. TLC (EtOAc/CH: 1/1) showed the complete consumption of starting material and the formation of a single product. The crude was extracted by DCM / HCl aq (1M) (20 mL/20 mL) dried over Na 2 SO 4 and filtered. The organic layer was evaporated, purification on silica gel chromatography (cyclohexane/EtOAc: 1/9) to give 11 (385 mg, 80%) as yellow syrup.
